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Abstract
The effects of test diets, containing different dietary protein levels (32, 36, 40, and 44%), on growth, feed conversion
rate and survival of slender walking catfish (Clarias nieuhofii) fingerlings were studied. Fish with an average weight of
8.35-8.46 g were fed with isocaloric test diets containing 32, 36, 40 and 44% protein, for 12 weeks. The average body weight
of the fish fed 40% - 44% protein was significantly higher than that of the others within 4 weeks of feeding (P<0.05). At
termination of the experiment, average body weight and weight gain of the fish fed the diet containing 40% and 44% protein
were highest and were significantly different from those of the fish fed 32% to 36% protein (P<0.05). The lowest feed con-
version rate (FCR) was observed in the fish fed 40% and 44% protein. Condition factors (CF) were lowest in the fish that
received 32% and 36% protein test diets, and hepatosomatic indices (HSI) were increased by the dietary protein levels but
were not significantly different in the fish fed protein in the range of 36% to 44%. Carcass composition analysis indicated a
positive correlation between dietary protein level and fish body protein content, but moisture, lipid level and ash content in
the fish body were not significantly different among treatments. In conclusion, the 40% protein diet gave the maximum
growth performance, lowest feed conversion ratio and high body protein content in slender walking catfish fingerling during
the 12 weeks of the feeding trial.
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1. Introduction
Slender walking catfish (Clarias nieuhofii) has been
categorized in the group of endangered fish in the Songkla
lake basin, South of Thailand. Two major attempts have been
made towards conservation of this species, i.e. the restora-
tion of the peat swamp forest, which is the main habitat of
this catfish, and the hatchery production of larvae to increase
their population before restocking into nature. Because of
their desirable taste and high market price, slender walking
catfish  have  a  high  potential  for  development  as  a  new
cultured fish species in Thailand. Although the production of
larvae from wild-catch broodstock has been successful, very
few data about effects of water quality, nutrient requirement,
and diseases have been reported for this catfish. Because
feed and feeding are the highest variable cost in commercial
aquaculture, the use of suitable feed is essential. Determina-
tion of nutritional requirements is very important as a basis
for  increasing  growth  of  cultured  species,  reducing  the
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culture period and increasing the efficiency of production
(Halver  and  Hardy,  2002).  Protein  is  the  energy-yielding
nutrient that is important for optimizing physiological perfor-
mance, locomotion, optimum growth, and disease resistance.
Therefore, it is the first nutritional parameter that should be
determined for formulated feed production for a newly esta-
blished  cultured  fish  species.  Several  studies  have  been
reported on the protein requirement of Clarias species, and
the relationship between variation in fish size, dietary protein
source,  and  environmental  conditions.  A  summary  of  the
protein  requirements  of  some  Clarias  species  has  been
reported by Van Weerd (1995). This stated that the Clarias
are omnivorous fish, and their dietary protein requirement is
about 40%, with an energy requirement ranging between 13
and 17 kJ/g. Singh et al. (2009) reported that the daily protein
retention in Clarias batrachus fry depended on water tem-
perature. At higher temperatures the catfish required higher
dietary protein level to maximize the protein retention. Also,
as advised by Robinson et al. (2001), small fish need higher
dietary  protein  levels.  Giri  et  al.  (2003)  showed  that  the
protein  requirement  of  hybrid  Clarias  catfish  (Clarias
batrachus X Clarias gariepinus) post-larvae is 36.5%. Opti-
mum levels of dietary protein for slender walking catfish have
not been reported, however. The objectives of the present
study  were  therefore,  to  determine  the  effects  of  dietary
protein  levels  on  growth,  survival,  feed  conversion  ratio,
protein  efficiency  ratio,  apparent  net  protein  utilization,
condition factor, hepatosomatic index, and chemical composi-
tions of slender walking catfish.
2. Materials and Methods
2.1 Experimental diets and design
A  feeding  trial  was  conducted  with  a  completely
randomized design. Four experimental diets (gross energy
17.3-17.9 kJ/g) were formulated to contain levels of 32, 36, 40,
or 44% crude protein. Fish meal was used as the individual
protein source. All dry ingredients were ground; according
to each formulation in Table 1, mixed in a Hobart mixer
(Hobart, A200) for 15 min, then oil was added before further
thorough mixing. After that 350 ml of freshwater were added
per kilogram of feed and the whole mixed well for another
15 min before being passed through a meat grinder to give
pellets  of  3.0  mm  in  diameter  and  these  were  dried  in  an
air-flow oven at 60°C for 10 to 12 hrs or until the moisture
was  less  than  10%.  Each  test  diet  was  analyzed  for  lipid,
protein, and ash contents (AOAC, 1997). The nitrogen-free
extract content of fish was calculated as 100 - (% protein +
% lipid + % ash). The gross energy (GE) value of each diet
was  determined  by  using  values  of  16.7  kJ/g  protein  or
carbohydrate and 37.6 kJ/g lipid (Garling and Wilson, 1976).
The dry pellets were crushed into desirable particle sizes and
stored at -20°C until used.
Table 1. Feed formula (%) and proximate chemical composition of the experimental diet
T1 T2 T3 T4
32% Protein 36% Protein 40% Protein 44% Protein
Fish meal 56 64 72 80
Rice flour 20 14.5 8 1.5
Wheat flour 10 10 10 10
Rice bran 2.5 2.5 2.5 2.5
Mineral premix
1 2.0 2.0 2.0 2.0
Vitamin premix
2 2.0 2.0 2.0 2.0
Soybean oil 7.5 5 3.3 2
Moisture (%) 3.4 3.9 3.3 3.5
Crude protein (%) 32.8 36.9 40.5 44.8
Crude lipid (%) 18.3 18.3 18.2 18.9
Ash (%) 15.5 18.0 19.7 20.3
NFE
3 (%) 33.4 26.8 21.6 16.0
GE
4 (kJ/g) 17.9 17.5 17.2 17.3
1 Mineral mixture (g/kg diet) KH2PO4 4.2; CaHPO4 3.3; NaH2PO4 6.25; KCl 2; KI 1.6;
MgSO4.7H2O 2; ZnSO4 0.1; MnSO4 0.1.
2 Vitamin mixture (mg/kg diet): thiamine hydrochloride 30; riboflavin 30; nicotinic acid
140; calcium pantothenate 100; pyridoxine hydrochloride 25; vitamin B12 0.005; inositol
2,000;  biotin 6;  folic acid 6;  choline chloride 1,000;  ascorbyl- polyphosphate 250;
vitamin E 200; vitamin K3 12; vitamin A 12,000 IU; vitamin D3 2400 IU.
3NFE : Nitrogen-free extract = 100- (%protein + %lipid + %ash).
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2.2 Experimental fish and feeding trial
Hatchery-reared  juvenile  slender  walking  catfish
(Clarias nieuhofii) from the hatchery of the Thaksin Univer-
sity Aquacultural Biotechnology Research Unit (ABRU) were
used in this experiment. Before the feeding experiment began,
the fish were acclimated to the experimental conditions for
two  weeks.  During  acclimation,  fish  were  fed  to  satiation
twice daily, with a diet containing 36% protein. Fish with the
initial weight of 8.35-8.46 g were used and were randomly dis-
tributed to each of 12 experimental concrete tanks (LxWxH,
100x100x80 cm, 15 fish per tank) with aeration. Each of the
experimental diets was fed to three replicate groups of fish at
a feeding rate of 3-4% biomass per day (the actual amount
consumed by the fish fed to satiation) for 12 weeks. The fish
were fed twice a day at 08:30 and 18:00 hrs, seven days a
week.  Growth  was  measured  every  two  weeks  and  the
feeding rate was adjusted accordingly.
2.3 Sample collection and analytical methods
At the beginning of feeding trial, 30 fish were ran-
domly  collected  and  killed  with  an  overdose  of  tricaine
methanesulfonate (MS-222) and analyzed for initial chemical
composition.  All  the  fishes  in  each  concrete  tank  were
weighed  every  two  weeks  in  order  to  adjust  the  ration  to
mean body weight. On day 84 of the feeding trial, weight gain,
feed conversion ratio, protein efficiency ratio, and specific
growth rate were calculated. Six fish in each concrete tank
were sampled and killed by overdose of tricaine methane-
sulfonate (MS-222) for analysis of the condition factor. K=
100 Wt/L
3, where Wt is body weight in g and L is total length
in cm, by the method described by Toko et al. (2007) and for
the hepatosomatic index, HSI=100 x [liver weight (g)]/[total
body weight (g)], by the method reported by Anwar and Jafri
(1995).
The remaining six fish from each tank were collected
and killed with an overdose of anesthetic and sampled for
biochemical analysis. Pooled samples of six fish per tank
were freeze-dried, homogenized in a grinder and analyzed for
lipid, protein and ash contents (AOAC, 1997). The nitrogen-
free  extract  content  of  the  fish  was  calculated  as  100-
(%protein + %lipid + %ash). Protein efficiency ratio (PER)
was  calculated  by  the  method  described  by  Zeitoun  et  al.
(1973) and the apparent net protein utilization (ANPU) of the
fish in each treatment was calculated by the method of
Robinson and Wilson (1985). Data from each experimental
unit were submitted to one-way analysis of variance (ANOVA)
by means of SPSS software version 17.0 (Chicago, IL, USA).
When significant differences (P<0.05) found, the means were
compared by the Duncan’s multiple range test (DMRT).
3. Results
3.1 Growth performance
The average results for various parameters of slender
walking catfish fed the experimental diets during 12 weeks
are shown in Table 2. The average body weight of catfish fed
the test diet containing 40%-44% protein was significantly
higher than the others within four weeks of the trial (P<0.05).
At the end of experiment, the lowest average body weight
was found in the catfish fed 32% and 36% protein and the
highest found in the catfish fed the test diets containing 40%
and 44% protein (P<0.05).
Weight gain, feed conversion ratio (FCR) and specific
growth rate (SGR) of the slender walking catfish fed the test
diet with different protein levels are given in Table 3. All those
parameters were significantly different among treatments
(P<0.05).  The  fish  fed  diets  that  contained  40%  or  44%
protein level exhibited the highest weight gain, FCR, and
SGR, whereas the lowest parameters were found in the fish
fed 32% and 36% dietary protein. However, the survival of
catfish fed all the test diets was not significantly different
(P>0.05).
3.2 Condition factor and hepatosomatic index
Condition factor and hepatosomatic index (HSI) of the
slender walking catfish fed test diets with different protein
levels for 12 weeks are shown in Table 4. The highest condi-
tion factor was found in the fish fed 44% protein and was
significantly different (P<0.05) from the others, followed by
the 40% protein level, and the lowest condition factor was
found in the fish fed 32% or 36% protein. The HSI of catfish
fed the test diets containing 36% to 44% protein were not
Table 2. Average body weight (g) of C. nieuhofii fed each experimental diet for 12 weeks
Week 0 Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
T1 (32% protein) 8.46±0.11
ns    9.89±0.51
ns 10.66±1.21
a 12.28±1.49
a 13.78±1.50
a 14.74±1.53
a 15.70±1.26
a
T2 (36% protein) 8.35±0.28
 ns    9.59±0.60
 ns  11.30±0.81
ab 13.01±0.87
a    14.7±1.08
a 16.02±1.00
a 14.88±1.44
a
T3 (40% protein) 8.42±0.21
 ns 10.53±0.22
 ns  12.66±0.39
bc 15.71±0.63
b 18.38±0.63
b 20.38±0.54
b 21.89±0.51
b
T4 (44% protein) 8.37±0.29
 ns 10.46±0.56
 ns 13.31±0.98
c 16.20±1.73
b 19.26±2.31
b 21.35±2.61
b 22.89±3.00
b
Means within columns not sharing the same superscript are significantly different (P<0.05).
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significantly different (P<0.05) and the lowest HSI was found
in the catfish fed 32% dietary protein.
3.3 Protein efficiency ratio and apparent net protein utiliza-
tion
Juvenile slender walking catfish fed the test diet con-
taining 40% to 44% protein had the highest Protein efficiency
ratio (PER) and this was significantly different (P<0.05) from
that of the catfish fed diets containing 32% to 36% protein
(Table 4). The apparent net protein utilization (ANPU) of the
catfish fed 40% dietary protein was higher than the fish fed
the test diet containing 36% protein (Table 4), but not signi-
ficantly  different  from  that  of  the  catfish  fed  32%  or  44%
dietary protein (P>0.05).
3.4 Proximate body composition
Carcass chemical compositions of the catfish fed diet
containing different protein levels are presented in Table 5.
The analysis data showed a positive correlation of fish body’s
crude protein and dietary protein levels. Crude proteins in
the catfish fed test diets containing 40% to 44% protein were
higher than the catfish fed diets with 32% to 36% protein, but
there was no significant difference in crude protein among
the catfish fed the diets containing 36% and 44% protein.
Crude lipid, moisture, and ash content in the catfish fed test
diets  contain  32%  to  44%  protein  were  not  significantly
different (P>0.05).
4. Discussion
This study showed that body weight, weight gain,
and specific growth rate of the juvenile of slender walking
catfish increased as dietary protein level was increased from
32% to 40% but no improvement in growth performance was
observed at 44% crude dietary protein level. The results were
similar to those reported for other Clarias catfish, especially
Clarias gareipinus, Clarias anguillaris and Heterobranchus
bidorsalis, for which 40% dietary protein was the optimum
protein level for maximum growth performance (Van Weerd,
1995; Wilson and Moreau, 1996) and similar to the protein
requirements (42%–44%) of fingerlings of the bagrid catfish
(Pseudobagrus fulvidraco) (Kim and Lee, 2005) and Malay-
sian freshwater catfish Mystus nemurus (Khan et al., 1993; Ng
et al., 2001). Adebayo (2005) reported the maximum growth
performance of hybrid catfish (Clarias gariepinus × Hetero-
branchus bidorsalis) fingerlings in the fish fed 40% protein
diet with 5% feeding rate daily. However, the protein require-
ment of slender walking catfish from our study is higher than
Table 3. Weight gain (%), feed conversion ratio (FCR), specific growth rate (SGR)
and survival (%) of  C. nieuhofii fed each experimental diet for 12 weeks
Weight gain (%) FCR SGR (%) Survival (%)
T1 (32% protein)    85.46±12.39
a 3.55±0.93
a 0.73±0.08
a    97.78±3.85
 ns
T2 (36% protein)    78.46±20.56
a 3.88±1.04
a 0.68±0.14
a 100.00±0.00
 ns
T3 (40% protein) 160.03±10.12
b 1.85±0.07
b 1.14±0.05
b 100.00±0.00
 ns
T4 (44% protein) 173.25±30.43
b 1.86±0.35
b 1.19±0.14
b 100.00±0.00
 ns
Means within columns not sharing the same superscript are significantly different
(P<0.05).
ns = non-significant.
Table 4. Condition factor, hepatosomatic index (HSI), protein efficiency ratio (PER),
and apparent net protein utilization (ANPU) of C. nieuhofii fed each experi-
mental diet for 12 weeks
Condition factor HSI PER ANPU (%)
T1 (32% protein) 0.56±0.02
a 0.89±0.17
a 0.93±0.23
a   23.92±3.99
ab
T2 (36% protein) 0.55±0.03
a   1.01±0.20
ab 0.85±0.20
a 20.10±1.82
a
T3 (40% protein) 0.58±0.02
b 1.14±0.15
b 1.70±0.07
b 27.85±0.93
b
T4 (44% protein) 0.61±0.03
c 1.17±0.22
b 1.74±0.31
b  24.44±3.99
ab
Means within columns not sharing the same superscript are significantly different
(P<0.05).
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that (36.5% dietary protein) reported in hybrid Clarias catfish
(Clarias bratachus × Clarias gareipinus) post-larvae (Giri
et al., 2003).
From previous reports, insufficient dietary protein
levels  resulted  in  poor  growth  performance  in  many  fish
species (Yang et al., 2002; Giri et al., 2003; Kim and Lee, 2005)
due to insufficiency of amino acids supplied to maintain the
body composition (Halver and Hardy, 2002). Excess dietary
protein level, however, did not improve the growth of the
fish because the excess amino acid is metabolized by oxida-
tive deamination and used to generate energy (Cho et al.,
1985; Shiau and Huang, 1989; Vergara et al., 1996; Kim and
Lee, 2009). Using excess protein levels in the diet therefore
cannot enhance fish growth, and therefore show negative
effects on the fish production. Excess protein levels in the
feed increased the amino acid catabolism in the fish body,
and this resulted in higher ammonia excretion and accumula-
tion of nitrogen waste in the culture system (Yang et al., 2002;
Webb Jr. and Gatlin III, 2003). Moreover, increasing excess
protein in a practical diet results in higher feed costs, which
is  the  major  variable  cost  in  the  aquaculture  production
system (Goddard, 1996).
Feed conversion rates of slender walking catfish in
our study were similar to the growth performance data. FCR
of the fish fed 32% to 36% dietary protein were extremely
high and rapidly became lower when the fish received 40%
or higher protein diet. These results implied that a high pro-
portion of the dietary protein in the low-protein test diet was
metabolized to maintenance energy (Guillaume et al., 1999).
The condition factor, which is described as an indicator of
fatness, gross nutritional state (Love, 1970), and the level of
reserve nutrients (Gershanovich et al., 1984), increased for
the slender walking catfish in the present study as the dietary
protein level increased, possibly indicating that higher dietary
protein level increases the nutrient content in the fish body
(Ali et al., 2005). Especially, the proximate chemical composi-
tion analysis indicated an increase of carcass crude protein
in the fish fed 40% to 44% protein.
Our results are comparable to the data of Catacutan
and Coloso (1995) who reported a significantly better condi-
tion factor in Asian sea bass (Lates calcarifer) when the fish
were  fed  a  diet  containing  optimum  levels  of  protein  and
lipid.  The  hepatosomatic  index  of  slender  walking  catfish
was positively correlated to the dietary protein levels, and
increased to the maximum value when the fish received test
diet containing at least 36% protein, with no further improve-
ment  beyond  this  point.  Our  results  differed  from  those
reported by Yang et al. (2002) who demonstrated that the
hepatosomatic index of the silver perch (Bidyanus bidyanus)
was inversely related to dietary protein levels but positively
related  to  the  carbohydrate  levels,  which  implied  that  the
increase of hepatosomatic index was due to the deposition
of glycogen in the liver. However, the hepatosomatic index
was  positively  correlated  to  the  intraperitoneal  ratio  and
reflects the high proportional accumulation of energy in the
abdominal cavity and the liver (Brown et al., 1992). Protein
efficiency  ratio,  which  indicates  the  utilization  of  dietary
protein by means of the gain of biomass and apparent net
protein utilization that describes the gain in body protein of
slender walking catfish, showed in this study the maximum
values for the fish fed 40% to 44% protein diets. The data
were in agreement with those of Giri et al. (2003) who reported
that low levels of dietary protein decrease the PER value in
hybrid catfish (Clarias bratachus × Clarias gariepinus), but
no improvement of PER was observed in the hybrid catfish
when the catfish received test diet containing high levels of
dietary protein (>35% protein).
A number of factors have been reported to affects the
protein requirements of many fish species. Protein to energy
ratio is very important to establish a formulated feed for par-
ticular fish species and usually affects the protein require-
ment (Ramseyer and Garling, 1998; Somsueb and Boonya-
ratpalin, 2001; Kim et al., 2005). The gross energy of test diets
used in our study (17.2-17.9 kJ/g) and dietary lipid content of
all test diets (18.2%-18.9%) were comparable to the optimum
energy level for Clarias catfish as described by Van Weerd
(1995). Even though, increasing dietary energy provision
tends to reduce the optimum protein requirement value due
to the protein-sparing effect, as reported in jundia fingerlings
(Rhamdia quelen) (Meyer and Fracalossi, 2004). Using high
Table 5. Proximate body composition of C. nieuhofii fed each experimental diet for
12 weeks
Crude protein Crude lipid Moisture Ash
(% dry basis) (% dry basis) (%) (% dry basis)
Initial fish 55.89±1.53 10.12±0.51 74.85±0.04 10.64±0.23
T1 (32% protein)  48.34±1.04
a   12.79±2.68
 ns   73.44±0.71
ns   12.00±0.45
ns
T2 (36% protein)    49.53±2.14
ab   11.24±0.67
 ns   73.39±1.19
ns   11.59±0.82
ns
T3 (40% protein)   52.84±1.81
c   12.52±1.13
 ns   74.75±0.47
ns   10.94±1.27
ns
T4 (44% protein)   52.14±1.02
bc   11.34±1.21
 ns   74.80±1.00
ns   11.17±0.61
ns
Means within columns not sharing the same superscript are significantly different
(P<0.05).
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energy feed (excess lipid content) showed adverse effects on
the carcass fat content (Samantary and Mohanty, 1997) and
resulted in off-flavor in fish products (Ng et al., 2003). How-
ever, the protein requirement of the slender walking catfish
in this study is only based on the fish-meal test diet. Fish meal
is  one  of  the  most  expensive  ingredients  in  prepared  fish
diets. Our further studies aim to minimize the amount of fish-
meal in the practical diet by replacement with less expensive
plant protein sources (Webster et al., 1995). Applications of
alternative protein sources or protein replacements also affect
the protein requirement data, probably because of the digest-
ible efficiency of feed ingredients (Singh et al., 2005; Yildirim
and Turan, 2010). In the present study, in which dietary lipid
ranged between 18.2% to 18.9% and energy level between
17.3 to 17.9 kJ/g gross energy, the test diet containing 40%
crude protein gave the maximum growth performance and
feed utilizations. This value is recommended for use in the
practical feed for slender walking catfish fingerlings.
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